The ATLAS Pixel Detector is the innermost detector of the ATLAS Experiment at the Large Hadron Collider at CERN. It consists of 1744 silicon sensors equipped with approximately 80 M electronic channels, providing typically three measurement points with high resolution for particles emerging from the beam-interaction region, thus allowing to measure particle tracks and secondary vertices with very high precision. In the following, the performance reached by the Pixel Detector with LHC collision data will be presented, with particular attention to its spatial resolution, efficiency, particle identification properties and the Lorentz angle measurement. Offline calibration procedures and optimization techniques will be discussed in detail.
The basic element of the Pixel Detector are the modules, that 14 are identical for barrel and disks. In the barrel region, modules 15 are arranged in overlapping staves of 13 modules each, while in 16 the disks 6-modules form a sector, for a total of 1744 modules.
17
The two silicon detectors share a cooling system, which is a 18 bi-phase evaporative system designed to keep the Pixel Detector 19 modules at a temperature below -10
• C. The detector structure is 20 made of low-mass carbon fiber and integrates the cooling sys-21 tem, resulting in a total contribution to X 0 of about 3% per layer.
22
Moreover, all the detector components are designed to sustain a 23 radiation dose of ∼500 kGy, which is the dose expected during 24 detector life time.
25
The ATLAS Inner Detector is immersed in a solenoidal mag-26 netic field of 2 T.
27

The Pixel Detector Module
28
The sensor is made of n + -in-n silicon and is 256 ± 3 µm thick Figure 2 : Pixel Detector noise rate from raw data, after the first pass of reconstruction (without offline noise masks) and after the bulk reconstruction using the offline noise mask as a function of run number, i.e. time.
Offline Calibrations
44
Different calibration procedures are performed on the detec-45 tor, both online and offline. During the offline calibration pro-
46
gram, the production of the noise mask and the calibration of the charge sharing algorithm are performed.
48
The calibration procedure is performed with the so-called crossed the sensitive element and produced a signal.
72
To define the position of a cluster of pixels, different algo- cluster is corrected as follows:
where the charge sharing ratios Ω x and Ω y are defined as:
81
These definition takes into account the fact that for Ω = 1/2 82 the charge is equally distributed among the outermost pixels, 83
suggesting that the particle crossed the detector at the center 84 defined by the pixel edges, whereas for larger (smaller) values,
85
the particle crosses the detector closer to (farther from) the last
86
(first) pixel in the cluster.
87
The weights of the correction ∆ x and ∆ y depend on the track 
Performance
136
In Fig. 7 the distributions of the unbiased residuals in the 
Hit-to-Track Association Efficiency
144
To ensure good quality tracking, both a high intrinsic effi-145 ciency and a low number of inactive components are essential.
146
The intrinsic efficiency is defined as the probability that a parti- The hit-to-track association efficiency has been measured to to the angle at which the cluster size is at a minimum (Fig. 10 ).
193
The Lorentz angle for the ATLAS Pixel Detector has been The difference of the measured Lorentz angle between the 199 cosmic-ray data taking and the collision data is due to the dif- pendence is shown in Fig. 11 .
206
1 The fitting function is: 
Conclusions
225
The ATLAS Pixel Detector has been operating with high ef-226 ficiency since 2008.
227
To achieve optimal performance, offline calibration proce- 
243
The Lorentz angle in a 2 T magnetic field has been measured 244 to be 211.3 ± 1.6 mrad (7 TeV collision data 
